Didemnum sp. (Tunicata, Ascidiacea) colonies growing over corals in Raja Ampat Islands,. Indonesia is at the center of the Coral Triangle, the region with the world's highest marine biodiversity. The Raja Ampat archipelago in east Indonesia has one of the oldest networks of marine protected areas in the country and is a top priority area for marine conservation. The area is however under anthropogenic pressure from growing tourism, developments and exploration of natural resources. The most likely associated introduction of non-native species is however largely unexplored. Colonial ascidians or 'sea squirts' comprise a high number of species, many of them reported as introduced or invasive worldwide. In this study, we investigate the presence of white colonial ascidian colonies noticed to overgrow sections of the coral reefs in central Raja Ampat. We use DNA barcoding to address the colonies' species identification and explore haplotype diversity to determine the species native or introduced status. We produced 22 DNA barcodes belonging to four potential cryptic Didemnum sp. species present in the Raja Ampat archipelago, Indonesia. Overall, the high number of haplotypes found in the area suggest these to most likely to be native species. The present work represents, as far as the authors are aware, the first time that such species were investigated in Raja Ampat. We hope with this work to create awareness for the topic of introduced and invasive species in the area and motivate further studies in Indonesia.
INTRODUCTION
Indonesia sits firmly within the center of the Coral Triangle, the region with the world's highest marine biodiversity (Rosen 1988) . Papua, the most eastern marine ecoregion in Indonesia, has been described as one of the areas with the highest diversity of coral and marine fish species in the world and is thus the country's top geographic priority for marine biodiversity conservation (Allen 2008) . Like many other areas of Indonesia however, Raja Ampat is understudied for marine invertebrate species, as limited resources need to be prioritized and are often invested in the study of coral and fish species associated with fisheries (Huffard et al. 2012) . Nevertheless, the sustainability of fisheries resources is highly dependent on the health of the underlying ecosystem, of which invertebrates (other than coral) are a major component. Over 90% of the population in Raja Ampat live in coastal areas and are dependent on marine resources for their livelihood (Kartikasari et al. 2012) . Despite holding one of the oldest and most successfully managed Marine Protected Areas (MPAs) network in Indonesia, Raja Ampat has experienced an increase in tourism and economic development opportunities for the local communities. With the number of people, boats, and infrastructure increasing every year, the marine ecosystem in Raja Ampat, and especially the pristine abundant coral reefs, are increasingly under threat (Kartikasari et al. 2012; Atmodjo et al. 2018) .
The increase in trade, travel, and transport worldwide has accelerated rates of introduction of marine invasive species through pathways such as shipping, aquaculture, and the aquarium trade (Hulme 2009 ). Introduced marine species are notoriously problematic worldwide as may be highly invasive or become so if conditions change. Invasive species can displace native species, modify habitats, affect community structure and ecosystem processes, impact human health and ultimately lead to substantial economic losses (Grosholz 2002; . The impact of introduced species can be particularly devastating to high-value biodiversity regions like Raja Ampat (Baskin 2002) , there is still an overwhelming lack of studies performed to address this issue in Indonesia (Kartikasari et al. 2012) .
Identification and control of marine invasive species have been the focus of research and management worldwide in order to protect economic and ecological sectors dependent on the affected habitats (Naeem et al. 1994) . Colonial ascidians or 'sea squirts' within the genus Didemnum (Tunicata, Ascidiacea) comprise a high number of species, many of them reported as introduced or invasive in various countries (Lambert 2002 , Oliveira et al. 2017 . They are abundant in many ports around the world and are generally characterized by a rapid growth rate, reaching sexual maturity in only a few weeks and producing planktonic larvae (Lambert 2002) . The taxonomic identification of these species is however highly difficult, due to apparent high morphological similarity and small size of zooids, larvae, and spicules (Stefaniak et al. 2009 ). The lack of correct preservation techniques, inadequate sampling, and even the time at which sampling occurs (reproductive period) may obscure or eliminate important features, making it difficult to identify important morphological characters (Stefaniak et al. 2009 , Dias et al. 2017 . Identification of this taxonomic group has, however, in recent years, been successfully assisted by faster and accessible molecular identification techniques (Stefaniak et al. 2009 ). The mitochondrial DNA (mtDNA) cytochrome oxidase 1 (COI) barcode region is often the marker of choice when looking to identify and evaluate the genetic diversity of species, as it is widely available and usually exhibits high mutation rates leading to inter and intraspecific polymorphism (Hebert et al. 2003; Madduppa et al. 2014) . The mtDNA COI barcode region has successfully been applied to numerous studies addressing species identification, phylogeography, and connectivity (Madduppa et al. , 2016 Sembiring et al. 2014; Trivedi et al. 2016) .
The team at the Marine Sciences Department of Bogor Agricultural University (IPB) conducts yearly coral reef surveys to the Raja Ampat archipelago, as part of national projects. During the survey conducted in 2016, the team noticed a white colonial ascidian overgrowing sections of the coral reefs and took the opportunity to collect opportunistic samples. The main objective of this study was to attempt to determine the colonies' species, using molecular (DNA barcoding) identification. By exploring species haplotype diversity and phylogenetics, we further aimed to determine if the observed species could be potentially assigned as native or introduced.
MATERIALS AND METHODS

Sampling
The team visited six sites in the Raja Ampat archipelago, namely Friwen, Mios Kon island, Arborek, Yenbuba Mansuar Island, Cape Kri Island and Akber Reef Kri Island. White colonial sea squirt colonies were observed growing over corals at four of the six sites ( Figure  1 ). The Sampling was conducted in April 2016 by scuba divers between three to seven meters depth using the haphazard method (Hall et al. 2001) . All samples were preserved in 96% ethanol and transported to the Marine Biodiversity and Biosystematics Laboratory at Bogor Agricultural University (IPB), Indonesia for processing. DNA extraction, amplification, and sequencing A subsample of the colonial ascidian tissue (with tunic) was transferred to a microcentrifuge tube and DNA extracted using a Geneaid Tissue Genomic DNA Extraction Kit (Geneaid Biotech Ltd., New Taipei City, Taiwan), following the manufacturer's instructions. Polymerase Chain Reaction (PCR) amplification of the mtDNA COI gene region was performed using the LCO1490 and HCO2198 primers and conditions developed by Folmer et al. (1994) and the Tun_forward and Tun_reverse2 primers and conditions developed by Stefaniak et al. (2009) . PCR reactions were conducted in a peqStar 96 Universal (peqLab) thermal cycler. A negative control, with no template DNA added, was included in all PCR assays. PCR products were separated by electrophoresis using 1.5% agarose gels stained with ethidium bromide alongside a 100 base pairs (bp) molecular weight marker and visualized under UV light. Sequencing of unpurified PCR products was performed in one direction, using the BigDye® Terminator v3.1 cycle sequencing kit chemistry and analyzed on an ABI 3730 at First Base, Malaysia.
Data analysis
All sequences and the original chromatographs were manually checked for correct base calls and edited using the MEGA 6.0.5 (Molecular Evolutionary Genetic Analysis) program. Sequences were uploaded individually on the National Center for Biotechnology Information (NCBI) website and matched against the GeneBank database using the Basic Local Alignment Search Tool (BLAST). BLAST compares the uploaded sequences to all sequences on the GenBank databases and lists the closest significant matches (NCBI 2017).
Sequences were aligned and trimmed using MEGA 6.0.5 together with haplotypes of species' closest matches provided by BLAST and other worldwide introduced white colonial Didemnid species such as D. perlucidum. Analysis of genetic diversity was performed in DnaSP 4.0 (Rozas et al. 2003) and included the measurement of haplotype diversity (Hd) and nucleotide diversity (π) (Nei 1987) . Phylogenetic relationships were inferred using the Kimura 2-parameter method of the Neighbors-Joining (NJ) model and a bootstrap value of 1000x in Clustal W (Tamura et al. 2013) . Trees were generated in MEGA 6.0.5. A mtDNA COI sequence of Diplosoma spongiforme (AY600972.1) was used as the base for evolutionary inference (outgroup). A haplotype network was generated using PopArt (Leigh and Bryant 2015) .
RESULTS AND DISCUSSION
DNA barcoding
All attempts to amplify the COI barcode gene region with primers and conditions as per Folmer et al. (1994) failed. A total of 22 samples were successfully amplified and sequenced using the primers and conditions as per Stefaniak et al. (2009) (Figure 2 , Table 1 ). Phylogenetic analysis of the 22 Didemnum COI haplotypes revealed four well supported distinct clades, denoted clade 1-4 (Figure 3 ). The clear separation of these four COI clades was also apparent in a statistical parsimony haplotype network (Figure 4 ) with 22 hypothetical mutational steps separating the basal nodes of clade 1 and clade 2; 39 hypothetical mutational steps separating basal nodes of clade 2 to clade 3; and 66 hypothetical mutational steps separating the basal nodes of clade 3 and clade 4 (Figure 4) .
Clade 1 included 8 sequences belonging to three haplotypes (H2, H9, H11) from three sampling sites: Arborek, Akber Reef Kri Island and Cape Kri Island. Clade 1 is represented by low genetic diversity, indicated by a low haplotype diversity value of 0.464 and nucleotide diversity of 0.036. Clade 2 is represented by a single haplotype (H1) exclusively amplified from two samples collected at Yenbuba in Mansuar Island. Clade 3 is also represented by a single haplotype (H6) from a sample collected at Cape Kri Island and was the only sequence to have the closest match in GenBank to Didemnum spadix. Clade 4 consists of 11 samples represented by the most diverse haplotype group (H3, H4, H5, H7, H8, H10) and includes sequences from three sampling sites: Arborek, Akber Reef Kri Island, Cape Kri Island. Clade 4 shows a high genetic diversity, with a high haplotype diversity of 0.873 and nucleotide diversity of 0.079. Estimates of genetic diversity were not performed for clades 2 and 3 due to the low number of samples (Table 1) .
Discussion
In this study, we produced 22 DNA barcodes belonging to four potential cryptic Didemnum sp. species present in the Raja Ampat archipelago, Indonesia. Overall, the fact that different haplotypes were found in the area suggests these to most likely represent native species. The present work represents, as far as the authors are aware, the first time that such species were investigated in this top marine biodiversity and marine conservation priority area of Indonesia. We hope with this work to create awareness for the topic of introduced and invasive species in the area and motivate further studies in Indonesia. 
Species identification
In this study, while none of the collected samples were able to be amplified using the Folmer et al. 1994 primers, using the more specifically developed Stefaniak et al. 2009 primers we were able to obtain an overall DNA barcoding success of 46%. Similar molecular identification studies have reported the difficulty in amplifying the high diversity of ascidian species sampled worldwide (Stefaniak et al. 2009 ). This is likely due to the acknowledged high diversity of ascidian species, largely undescribed, and a high number of ascidian species for which DNA barcodes are still lacking in databases such as Genbank (Stefaniak et al. 2009; Oliveira et al. 2017) .
The closest matches obtained using the NCBI BLAST suggest that the samples collected belong most likely to species within the genus Didemnum (identity 89-91%, Table 1 ) that have not previously been barcoded. The GenBank nucleotide database contains more than one hundred million sequences representing more than 275,000 species. However, these represent only 3% of Earth's species (Hebert et al. 2003, Hinhcliff and Smith 2014) . Raja Ampat is considered to have some of the highest marine biodiversity in the world and research on speciose invertebrate groups remains challenging, with many new species to be described. Nevertheless, the DNA barcoding of Didemnum sp. in Raja Ampat represents new data for this region. While only detailed taxonomic research can assign the DNA barcodes to previously described or undescribed sea squirt species, molecular analysis like the present one can be used as a quick screening method for identification against the most notorious invasive Didemnids such as D. perlucidum and D. vexillum. They can also represent the beginning of DNA barcoding libraries, that can be built relatively faster and prove a useful alternative for building important baseline invertebrate biodiversity surveys.
Species origin: native or introduced?
Colonial sea squirts are opportunistic species that tend to occupy available space on reefs and are often observed over areas where coral was previously killed (e.g., bleaching, storms). The fact that this was not the case in the four sites where the colonies were observed raises suspicion about the introduced status and invasive potential. The colonies were noticed overgrowing healthy reef areas. Although colonies formed relatively small mats, they were patchy over larger areas. Nevertheless, the colonies coverage area was not massive as it is known from notorious invasive species such as Didemnum vexillum (McKenzie et al. 2017) . They were also only found at 4 of the 6 sites visited, suggesting that the species, or their behavior, is not widely spread.
The phylogenetic analysis and haplotype network suggest the DNA barcodes belong to four distinct haplotype groups, representative of potentially four distinct cryptic species. Overall the haplotype diversity found suggests the samples to most likely originate from native species. The fact that we did not found high haplotype diversity at sites like YNB could be a sampling artifact resulting from the low number of samples collected and the 46% DNA barcoding success. With the exception of YNB, all other sites share haplotypes, indicating there is some connectivity between sites. Larvae of Didemnum are nonfeeding larvae that can swim for up to two hours before settling on a new substrate (Lengyel et al. 2009 , Mercer et al. 2009 ). Although this can be considered a relatively short planktonic time, if the currents are strong enough, they can justify the observed overlapping of haplotypes between Arborek and Kri Island in central Raja Ampat.
Many sea squirt species, namely within the genus Didemnum, have become widespread introduced and invasive species around the world's marine waters. However, generally their introduced status is represented by extremely low haplotype diversity in the invaded region (Rocha et al. 2012 , Stefaniak et al. 2012 . This is overall not the case in this study, and therefore it can be presumed that these species are most likely native in Raja Ampat. Further research would be needed to confirm this that could include studies looking at invertebrate species present in harbors and anchorages, in order to investigate the susceptibility of its pristine coral reefs to potential invaders. In this sense, awareness, education and baselines surveys can prove most useful for the long-term conservation of this remarkable marine paradise (Scott et al. 2017) . 
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